The two September 1984 solar wind lithium releases produced a rich variety of plasma waves which have been measured in situ by the plasma wave instrumentation on board the Active Magnetospheric particle Tracer Explorers (AMPTE) IRM and UKS spacecraft. Reflection of the natural galactic and terrestrial electromagnetic radiation from the dense Li plasma caused a cutoff in the high-frequency electric field intensities from which the temporal and spatial variation of the plasma density can be determined. Inside the diamagnetic cavity the electron plasma frequency and also temporarily the Li plasma frequency have been excited. The emission at the electron plasma frequency is near the thermal fluctuation level. In addition, weak low-frequency ion acoustic waves were observed. The boundary between the diamagnetic cavity and the external magnetic field was found to be surprisingly stable and contained extremely low levels of wave activity. In the transition region from the diamagnetic cavity to the solar wind, high wave activity at the medium and very low frequencies propagating mainly in the ion acoustic and electrostatic cyclotron harmonic modes was encountered. No wave magnetic fields were detected in this region. The upstream edge of the transition region was characterized by a steep decay in magnetic field strength and density and by a sudden increase in the quasi-static electric field. At this time the ELF/MF rms wave amplitude explosively increased to a value of 50 mV/m and remained at an enhanced level for more than 1 min. The spectrum of this wave activity is similar to the electrostatic noise observed in collisionless shocks. Data from UKS indicate that during the releases, UKS was in the magnetic transition zone. The wave activity at UKS was distinctly different from that encountered by IRM. The intense emission at the electrostatic shocklike transition was weaker than that on IRM and for the second release appeared at a different time. This can be related to the different positions of the two spacecraft with respect to the interaction regions. Despite the high wave intensities the estimated wave energy densities are, however, too low by orders of magnitude to drive significant magnetic field diffusion during the in situ observation times. Some differences in the wave excitations for the two releases can be traced back to the different solar wind conditions.
The main scientific goal of the in situ measurements performed with the wave experiment was the investigation of the microscopic interaction of the artificial cold plasma with the streaming solar wind plasma. It is the first time that measurements of this kind have been made. Important subjects of this investigation are the wave activity excited (1) inside a diagmagnetic cavity, (2) in the transition region between the artificial and natural plasmas, and (3) in the upstream region.
In case 1 the unmagnetized dense expanding cold plasma cloud dominates. Only certain plasma modes (ion acoustic and Langmuir waves) are expected to be excited in the cavity. In case 2, strong gradients in plasma density and magnetic field arise owing to the interaction of the solar wind with the magnetized Li + plasma. Enhanced wave activity of a large variety of plasma modes is expected (current-and gradientdriven waves as well as beam instabilities in magnetized plasmas). These waves may play a role in the momentum exchange between the solar wind and the cloud plasma and possibly in the diffusive processes which control the dynamics of the interaction. For a discussion of various questions related to the behavior of artificial plasma clouds injected into the magnetosphere, see Scholer [1970] and Pilipp [1971] . The structure of this paper is as follows. In section 2 we give the solar wind conditions during the two releases. Section 3 presents the observations. We have chosen to order the data according to the different wave bands while discussing the emissions in the three physical regions of the Li plasma-solar wind interaction. In section 4 this order is changed. Here we discuss the wave excitations in the diamagnetic cavity, the transition region, and the upstream region from a more physical point of view. Section 5 summarizes the results of the investigation. The transition region consists of three Subregions: the boundary current layer where the magnetic field increases steeply from near zero to a value above the undisturbed solar wind value, the compression region, and the region of shocklike decay to the solar wind. The wave power density shows little activity in the diamagnetic cavity and the boundary current layer. Intense emission coincides with the shocklike transition region. Enhanced activity is found in the upstream region. UKS was approximately 35 km away from IRM for both releases. UKS was just inside the diamagnetic cavity for release 1 and just outside the cavity for release 2. In both cases the UKS was upstream of the IRM. 
SOLAR WIND CONDITIONS AND IRM/UKS

POSITIONS
High-Frequency Waves
The dynamical spectra of the high-frequency magnetic (HF-B) and electric (HF-E) emissions obtaified every 2 s are shown in Figure 5 for release 2. The frequency scale is given in Table 2 . (Note that the HF-B instrument was commanded into a mode which covers the frequency range from 28 kHz to 770 kHz. This is only half of the full range of the picture. We have therefore plotted each second sweep of the spectrum in the space above the dashed line. This procedure leads to a doubling of the dynamical spectra.)
The high-frequency magnetic wave field does not show any response to the release. The various stationary signals are spacecraft interference lines. In the electric high-frequency field one observes a spin-and direction-modulated signal whose central frequency is around 300 kHz. Weak emissions at higher frequencies are also recorded. The structured emission is of terrestrial origin (terrestrial kilometric radiation (TKR) [Gurnett 1974 [Gurnett , 1975 ), while the weak isotropic high-frequency emission is consistent with the galactic radio noise (GRN) spectrum [Brown, 1973 ]. An interference line shows up in the highest frequencies. The release encounter is marked by a short intense broadband pulse, followed by a period of very low wave intensities inside the diamagnetic cavity. Some impulsive emissions are seen in the diamagnetic cavity.
The transition from the cavity to the transition region is marked by an intensification of the low-frequency emissions. Moreover, the plasma wave intensity and the upper frequency cutoff gradually increase as the magnetic field increases in the boundary current layer toward the compression region. Table 2 . The emission centered around 300 kHz is the TKR. The higher-frequency background is the GRN. The release attenuates the TKR and GRN around IRM. Return of radiation beginning from high to low frequencies indicates the decrease in plasma density during expansion of the diamagnetic cavity. Inside the cavity, emission at the electron plasma frequency is found at progressively decreasing frequency. (Bottom) The adjacent ELF/MF spectral range as obtained from the peak value measurements. The frequency scale is divided into 16 channels with the corresponding frequencies given in Table 3 . Attenuation of radiation and recovery after the density has decreased to low values comparable with the solar wind density is also observed here. trum 3 has a totally different character. For frequencies below 2 kHz the increase from the preevent level is up to a factor of 106 in power spectral density. Frequencies are in megahertz. 
Wave Observations
Plasma Density
The time development of the electron density ne for the two releases is given in Figure 10 . These electron density profiles were obtained from the measurement of the electron plasma frequency inside the Li plasma cloud. As has already been mentioned, the natural emission at the electron plasma frequency was weaker during release 2 than during release 1. However, in the cavity it was also well defined, while the It should also be noted here that the typical n oct -2 law for the development of the plasma density is valid only for the time of free expansion of the Li plasma cloud until the largest radius of the diamagnetic cavity is reached. When the IRM crosses the boundary current layer at the beginning of the transition region, the density increases suddenly by about half an order of magnitude, probably owing to a snowplow effect of the plasma cloud in the solar wind, and stays high in the magnetic compression region. In the shocklike region the density decays steeply to the solar wind background density level. It should be noted that this development of the density is different for both releases. Apparent reasons for the differences in time and structure of n• are the different solar wind conditions. During release 1 the solar wind flow was approximately parallel to the interplanetary magnetic field, while during release 2 the flow and magnetic field were nearly perpendicular to each other. In addition, the flow velocity was much higher during release 1 than during release 2. Moreover; since release 1 took place upstream of but near the bow shock at magnetic field lines which were connected to the bow shock, upstream ion fluxes were present over almost all the observational times. The interaction of these upstream ions Table 3 ), SFR 3-1 (third, fourth, and fifth panels; for the frequency scale, see Table 4 ), automatic gain control (AGC) and durating current compressor (DCC) signal of wideband data (two bottom panels). During release 2, SFR 1 has been switched to the magnetic antenna. No significant magnetic activity has been found in this channel in connection with the release.
Wave Activity in the Transition Region
In the transition region from the diamagnetic cavity to the solar wind the wave activity rises in both bandwidth and intensity. As is seen in Figure 2 , the wave intensity is very low when the steep increase of the magnetic field occurs but rises steeply when the magnetic field is strongly compressed. The low wave level in the steep magnetic field gradient indicates that the boundary between the cavity and the transition region is a fairly stable discontinuity, where both [B[ and n e experience a sudden jump. An important aspect of these processes is whether or not the wave activity is sufficiently strong to cause enhanced plasma diffusion affecting the momentum balance in the available observation time. A second spacecraft (UKS) positioned apart from the center region of the cloud is extremely useful in answering this question. Previous estimates [Haerendel, 1983] the intense plasma wave emission and the lower hybrid waves are often related to a shock transition [Gurnett, 1985] . The lower hybrid waves may be driven by the density gradient via the lower hybrid drift instability, while the intense emission at the transition to solar wind is probably driven by an ion-ion tions of the two spacecraft. The excitation mechanism therefore seems to be rather insensitive to changes in the environmental conditions. Finally, though the solar wind disturbance lasted longer for release 1, the duration of the wave activity was similar for both releases, of the order of several minutes.
However, while this activity was comparably quiet during release 2, it was much more disturbed and spiky during release 1. As a consequence, during release 1 the electron cyclotron waves were not as evident as during release 2.
The reason for these differences is probably due to the different magnetic field and flow conditions. The stronger disturbance of B during release 1 causes a modulation of the wave activity. In addition, release 
SUMMARY
A variety of plasma wave excitations have been measured during the two Li releases in the solar wind upstream of the earth's bow shock wave. The appearance of these emissions can be related to the different phases of the Li cloud development and the different spatial regimes of the Li plasmasolar wind interaction. These regions are (1) the diamagnetic cavity, (2) the transition region from the diamagnetic cavity to the solar wind, and (3) the upstream region where the solar wind is still influenced by the presence of Li + ions. These are rough subdivisions. The diamagnetic cavity on IRM starts with the passage over the spacecraft of a thin front. Also, the transition region consists of the boundary current layer adjacent to the cavity, the magnetic field compression region, and the shocklike transition region from magnetic field and density compression to the solar wind. The observations indicate that the general features of the interaction between the Li plasma and the solar wind are very well reproduced from release I to release 2. In summary, the passage of the front is marked by a short broadband electrostatic pulse with frequencies below the Li + ion plasma frequency. In the region of the diamagnetic cavity, waves near the electron and Li + ion plasma frequencies are excited. The emission near the electron plasma frequency is at the thermal plasma fluctuation level. Otherwise, the wave activity decreases below the level of the undisturbed solar wind. The reduced wave activities are due to the exclusion of a number of instabilities in the cloud (such as heat flux instabilities which work in the magnetized solar wind). It is most important that in the sharp boundary current layer between the diamagnetic cavity and the magnetic field compression region the wave activity is extremely low. In spite of the strong currents that must necessarily flow in this region, the boundary is thus stable against current instabilities, at least over the time of observation. This finding also excludes any magnetic field diffusion for. the time of the in situ measurements. Increasing wave activity is found throughout the magnetic compression region. The corresponding wave emissions are correlated with the magnetic field in both intensity and upper cutoff frequency. In the upstream region, long-lasting continuous emission of electrostatic plasma waves in the ion sound and electron cyclotron wave bands is detected. These waves can be excited by electron temperature anisotropies and electron heat flux but may also be a result of the locally born The second is the almost total dropout of the quasi-static electric field and low-frequency electrostatic wave activity inside the diamagnetic cavity. This dropout of the field can be understood quite naturally as the impossibility for an electrostatic field to exist in the collision-free unmagnetized plasma confined in the diamagnetic cavity. The quasi-static field reappears suddenly in coincidence with the shocklike region. In a similar way, inside the diamagnetic cavity there are no sources of free energy to drive any strong instabilities in the two possible wave modes, the ion acoustic wave and the electron plasma wave. The electron plasma frequency ob- 
